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• Most popular cell line to produce biotherapeutics
• CHO metabolism is still poorly understood
• New insights needed for medium optimization and cell line screening
Flux analysis in CHO cells
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Flux analysis in CHO cells
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Metabolic Flux Analysis in CHO cells
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Ahn and Antoniewicz, Biotechnol J, 7: 61-74, 2012
Metabolic Flux Analysis (MFA)
S DA P
v1 v2 v7B
v4
v3 C E
v5 Qv8
R
v6
v1 v2 v3 v4 v5 v6 v7 v8
A 1 -1 -1 0 0 0 0 0                0 
B 0 1 0 -1 0 0 0 0                0
C 0 0 1 0 -1 0 0 0   *        =   0
D 0 0 0 1 0 0 -1 0                0
E 0 0 0 0 1 -1 0 -1                0
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Metabolic Flux Analysis (MFA)
S DA P
v1 v2 v7B
v4
v3 C E
v5 Qv8
R
v6S * v = 0
R * v = r
v1 v2 v3 v4 v5 v6 v7 v8
A 1 -1 -1 0 0 0 0 0                0 
B 0 1 0 -1 0 0 0 0       v1       0
C 0 0 1 0 -1 0 0 0       v2       0
D 0 0 0 1 0 0 -1 0       v3       0
E 0 0 0 0 1 -1 0 -1   *   v4   =   0
S -1 0 0 0 0 0 0 0       v5       rS
P 0 0 0 0 0 0 1 0       v6       rP
Q 0 0 0 0 0 0 0 1       v7       rQ
R 0 0 0 0 0 1 0 0       v8       rR
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Metabolic Flux Analysis (MFA)
Metabolic flux analysis is only as reliable as 
your data and modeling assumptions
• Observability Problem
– If rank(data)  =  number of fluxes       → all fluxes can be determined
– If rank(data)  <  number of fluxes       → not all fluxes can be uniquely 
determined 
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Model of CHO metabolism
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Model of CHO metabolism
• External Measurements
– Glucose
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Model of CHO metabolism
• External Measurements
– Glucose
– Lactate
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Model of CHO metabolism
• External Measurements
– Glucose
– Lactate
– Glutamine
PYR
AcCoA
CITOAAMAL
PYR
SucCoA
ICIT
AKG
FUM
MAL
PEP
mitochondrion
cytosol
Gln.ex
SUC
Glu
Lactate
MEc
TCA Cycle
Maciek Antoniewicz  - mranton@udel.edu Slide 11
oxPPP
Glucose
GL3P
Lipids
G6P
FBP
DHAP GAP
6PG Ru5P
R5PF6P
Glycogen
NTP
2PG
3PG
BPG
Model of CHO metabolism
• External Measurements
– Glucose
– Lactate
– Glutamine
– Growth rate
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Model of CHO metabolism
• External Measurements
– Glucose
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Model of CHO metabolism
• External Measurements
– Glucose
– Lactate
– Glutamine
– Growth rate
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• 13C-Labeling GC-MS
– Typical 200+ mass 
isotopomers measured
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CHO Cell Culture
• CHO cell fed-batch culture
– CHO-K1 cells (ATCC CCL-61) in T-25 flasks
– Humidified incubator, 5% CO2, 37 deg.C
• Medium composition
– DMEM + 10% FBS + 1% PS
– 6.7 mM [1,2-13C]glucose
• Measurements
– Glucose, lactate (YSI)
– Amino acid concentrations (GC-MS)
– 13C-Labeling of intracellular metabolites (GC-MS)
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CHO Fed-batch culture
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Ahn WS & Antoniewicz MR, Metab Eng, 2011
Shift in Lactate Metabolism
Growth PhaseNon-growth
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CHO Fed-batch culture
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CHO Fed-batch culture
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[1,2-13C]glucose addition
Metabolism quenching and GC-MS analysis
Extracellular metabolite profiling
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Ahn WS & Antoniewicz MR, Metab Eng, 2011
Biomass specific fluxes
Biomass specific uptake and excretion rates of 
extracellular metabolites (nmol/106cells/hr)
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Intracellular Metabolite Analysis
Tracer experiments with
CHO cell culture in T25 flasks
Cold methanol
Chloroform/water
Removal of media
1.5 mL cold methanol
5 min in ice
pH 7~8, overnight in cold chamber, centrif.
Mass isotopomer distribution 
quantification 
1 v CHCl3
1 v H2O
Cells
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Non-polar 
metabolites
Polar 
metabolites
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Drying; 37oC, 9hr
fractionation
Triglyceride/FFA
GC-MS Analysis
GC-MS AnalysisDerivatization
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Ahn WS & Antoniewicz MR, Metab Eng, 2011
13C-Labeling in Metabolites
Isotopic steady state Isotopic non-steady state
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Young et al., Biotech. Bioeng. 2008Wiechert et al., Met. Eng. 1999
Labeling dynamics of intracellular metabolites
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Labeling dynamics of intracellular metabolites
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Isotopic non-stationary 13C-MFA
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Ahn WS & Antoniewicz MR, Metab Eng, 2011
Parallel Labeling Experiments
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Isotopic steady state < 3 hr
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Intracellular Mass Isotopomers
[1,2-13C]Glucose [U-13C]Glutamine
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Metabolic Fluxes Growth vs. Stationary
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Metabolic Fluxes Growth vs. Stationary
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Metabolic Fluxes Growth vs. Stationary
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Combined 13C-MFA of parallel experiments
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Combined 13C-MFA of parallel experiments
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Validating loss of metabolites in glycolysis
Maciek Antoniewicz  - mranton@udel.edu Slide 36
Validating Lipid Metabolism
Maciek Antoniewicz  - mranton@udel.edu Slide 37
Ahn WS & Antoniewicz MR, Metab Eng (Submitted)
13C-Labeling in Lipids
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De novo lipid biosynthesis
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Validating Pentose Phosphate Pathway
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Ahn WS & Antoniewicz MR, Metab Eng (Submitted)
Estimating oxPPP flux using 13C-MFA
• [1,2-13C]glucose tracer
– Glycolysis produces M2
– oxPPP produces M1
– non-oxPPP produces M3
• Exponential growth phase
– Low oxPPP (1% of glucose)
• Stationary phase
– Increased oxPPP (20% of glucose)
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Parallel Labeling Experiments for PPP
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Mass Isotopomer Distributions
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oxPPP estimated with different tracers
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Mass isotopomer analysis
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Mass isotopomer analysis
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Oxidative PPP
Ahn WS & Antoniewicz MR, J Biol Chem (Submitted)
Mass isotopomer analysis
Lost C1-C3 ?
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Oxidative PPP
Ahn WS & Antoniewicz MR, J Biol Chem (Submitted)
Loss of carbon atoms in non-oxPPP
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Lost C1-C3 atoms
v18
Ahn WS & Antoniewicz MR, J Biol Chem (Submitted)
Validated oxPPP flux
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Reversible non-oxPPP fluxes
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Reversible non-oxPPP fluxes
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Conclusions CHO cells
• Flux analysis is only as reliable as the model
• 13C-MFA for model validation
• In the transition from growth phase to stationary 
phase, CHO cells dramatically changed metabolism
• New insights into CHO metabolism:
– Oxidative Pentose Phosphate
– Lipid metabolism
– Loss of carbon atoms in glycolysis
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